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ABSTRACT:  Bebween August 1993 and Sep-
tembher 1994 we documented serological re-
sponses of covotes (Cenis latrans} saceinated
with two commercial rabies vaccines licensed
for use in domestic dogs. Serologic responses
were documented by testing for rabies virus
neutralizing antibodies with the rapid fluores-
cent focus inhibition test (RFFIT) at 30, 90,
180, 270, and 365 days post-vaccination. All
coyotcs vaceinated with Tmrab 3% (Rhone-Mer-
ieux, Inc.). and 75% of those vaccinated with
Dura-Rab 3% (Lnmuneovet, Inc.) seroconvertedd
as evidenced by the presence of antirabics an-
tibody titers =1:5 in one or more of the five
post-vaccination samples. The percent ol cov-
otes showing a titer =15 was generally greater
and titer levels appeared higher and more per-
sistent among animals vaceinated with Tmral
3% than Dura-Rab 3% Presence ol titers via
RFFIT tests demonstrales the antibodies pro-
duced in covotes by these rabies vaceines fune-
tionally bind and neutralize rabies virns in vitro,
but these results do not constitute a demon-
stration of protection required for licensare [or
use in covotes.
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Rabics, an infectious disease of mam-
mals, is typically fatal once clinical symp-
toms are evident. C()nsetluentl}-‘_, disease
mdnageiment concentrates on ]imiting OX-
posure and immunization through vacei-
nation (Bunn. 1991). Currently, only killed
virus rabies vaccines. which are generally
less immunogenic than modified live vac-
cines, are licensed for use in the United
States, Some manufacturers incorporate
adjuvants (compounds that increase the
antigenicity) into vaccines to provide high-
er and more sustained titers (Tizard, 1996;
pp. 275-277).

Susceptibility and fimmunologie re-
sponse to rabies virus ditters among spe-
cies (Dreesen, 1999, As a result, rabies
vaceines undergo stringent testing for ef-

ficacy and safety in cach species for which
they are licensed {Anonyinous, 19921, Be-
cause efficacy of rabies vaccines is deter-
mined only through costly live virus chal-
lenge tests, vaccine manufacturers concen-
trate licensure efforts on species for which
vaccination offers potential cconomic re-
turn (i.e., domestic pets and farm animals).
Despite lack of liccused rabies vaceines for
most wildlife species, manv zoos, wildlife
parks. and rescarch institutions routinelv
vaccinate wildlife against rabies in the
hope of conferring some protection for
aptive animals and personnel (Jenkins ct
al.. 2001), but not in Heu of “appropriate
public health activities that protect hu-
mans.”

The Logan Field Station of the National
Wildlife Research Cemnter (Togan., Utuh,
USA) maintains a co]()n}--‘ of captive coyotes
(Canis latrans} for research purposes.
Health concerns for animal and personnel
dictate a schedule of vaccination against
conpon canine and zoonotic pathogens,
including rabies. Covotes in the colony re-
ceive an annual vaccination with a com-
mercial rabies vaceine approved for use in
domestic dogs with the understanding the
vaceine is not licensed for use in covotes
and cannot be considered legally protec-
tive in this species. Tive virus challenge
studies arce not within the puview of the
Logan facility, but we were able to evalu-
ate the induction and persistence of rabies
virus neutralizing antibodies among cap-
tive coyotes over a 1 yr period related to
nse of two commercial rabics vaccines li-
censed for use in domestic dogs,

We started the study in August 1993
with 58 hand-rearcd covotes (25 females
and 33 males) about 4 mo of age from the
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captive colony.
agroups ol three until S-ino-old: thereaticr
thev were housed in individnal kennels or
as male-lemale pairs in 0.1-ha enclosures.
They maintained throughout the
stud\ on a food ration pr El)dlt‘d for the
local [ur industry (Furbreeders Agricultur-
4l Cooperative, Logan, Utah) and had ac-
cess Lo water ad libituin. Upon completion
of the sticdv in September 1994, covotes
were returned to the colonw

We evaluated two commercial killed-ra-
bies vaceines. One, Dura-Rab 3% {Immuno
Vet Ine., Tampa. Florida. USA: U.S. Vet-
erinarv License #302A, Serial #379. Expi-
ration 24] an94), was a n()11-;L(!_j11\1t11ted V-
cine licensed for intramuscular administra-
The other, Imrab 3% (Rhone-Mer-
Ine.. Gem‘gi&, USA: UK.
98, Serial #12116,
wis an adjuvanted

were

tion.
ieuy, Athens.
Veterinary License #2
Expiration 10Febb6),
(alaminiunm hvdreside} vaceine licensed
[or intratnuscular or subeutaneous admin-
istration. Venders donating the
did not pl()\lde potency intformation for
their respective products, although thev
were aware ol our study intentions.

At the start of the study, covotes were
stratified by genetic background (ie., lit-
ter]) and sex and then randomly assign(.‘d
1) in-

vaccines

to one of three treatment groups: (
tramuscular injection of Dura-Rab 3%, (2)
intramuscular injeetion of Tmrab 3%; and
(3) subcutaneous injection of Imrah 3%
Thev were serologically teste d viw rapid
flnorescent focus mlnlntmn test (RIFFITY
to ensure they were ne g_dtn(‘ [or rabies vi-
s ne imdhzm;, antibodv. Vaccines were
then administered as per manufacturers
label instl‘ucti()us‘ us‘i]llf sterile 3 ml svrin-
2 gauge X 2.5 e needles. Tntra-
nscular vaccination was by deep injec-
tion at a single location in candal thigh

oes and 2

musculatiure, while subcutanecus vaccina-
tion involved injection in the int'rascapular
region, Sera collections were conducted
prior to treatment and on davs 30, 96, 180,
270 and 365 post-vaccination, Coyotes
were physicallyv or chemically (ic.,
muscular injection of 100 my ketamine hy-

intra-
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drochloride and 1 mg d(epmmd/me ma-
Jeate) restrained and blood (7 wlanimal)
obtained from the cephalic vein of cach
subject using evacuated collection tubes.
Tubes were allowed to stand for 1 to 4 Lir
at room teimperature pri(n‘ to ct‘ntrifugn—
fion and aspir;lti()n of the sera. Sera sam-
pl(.‘s WOTe uliquotted into 2-ml micro-cen-
trifuge tubes and maintained at =70 C for
1 to 3 (Lns prior to ’»hlpﬂl( nt. Samp]m
were s}npped overnight on dry ice in in-
sulated containers to Kan.s‘ls State Univer-
sitv (Manhattan. Kansas, USA) where they
were stored at =70 C until analvzed. Ra-
bies virus antil)nd_\_- titers were detcnnmed
at the Veterinary Diagnostic L;-lhorzlt(_)]"\'
(Kansas State Universitv) via RFFIT Ve
usecdd analysis of variance (ANOVAY to
compare overall performance of the two
vaccines (P = 0.03) followed by a post hoc
use of Fishers least significant difference
(T.51)) multiple comparison test to assess
which individual comparisons were differ-
ent (P = 0.03). Fourteen wk after this
stidy concluded. many ol these covotes
were incorporated into another study in-
volving an oral rabies vaceine. Anamnestic
responses to re-exposure to rabies antigen
in that study provided some additional in-
formation 1e]e\ ant to our studv_-.

Se]‘ol()gic testi]‘lg prior to vaccinations
revealed titers of <1:5 (considered nega-
tive? for all study covotes (Table 1), Over-
all, 33 of the 58 covotes (91%) are known
to have seroconverted, as demonstrated 1)_\"
rabies specific titers >1:3 via RFFIT
least once among the five sampling periods
[able 1) Three

rabies anti-

during the ensuing vear {1
additional animals, {or which
bhodics were not detected. showed an an-
ammestic response to an oral rabies vaccine
alter this study was conclinded. suggesting
memory immune cells to rabies antigen
were present (Van Kampoen, 1999).

At 30 days post-vaccination, all 39 coy-
oles receiving Tmrab 3% regardless of
route of administration. and 13/19 (68%)
of covotes receiving Dura-Rab 3% showed
positive titers dl)l() i}, Absence of de-
tectable rabies anhbod}' in 6 covotes in the
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latter treatient group on dav 30 could be

related to: (1) improper administration of

vaceine: {2) use ol an impotent vaceine; (3)
{4) tail-
ure to detect an earlv inmmunologic re-

fuilure of the immune svstem: or

sponse in conjunction with a rapid dissi-
pation ol antibodics. Tmproper vaccine ad-
ministration seems unlikel since all vac-
cinations the  same
individual via wt‘md‘nd pmtn(()l@ with all
detection failures oceurring in the same
treatient, An mpotent vaccine seems un-
likely since it came from a common lot and

Were ”'1\( 11 [)\

was maintained under appropriate and
identical storage conditions. Failure of the
immune svsten to function {poor respond-
ers) in these individuals is possible, al-
though seemingly unlikely. Extrinsic fac-
tors 1‘6];—1ting to antigen quantity, quel]it_\:
and presentation of the vaccine could also
contribute to immunologic failure but this
seems unlikelv.

The six coyotes in the Dura-Rabh 3%
treatment that woere not S(‘mp(}‘iiti\'v Ol
day 30 post-vaccination may have experi-
enced a rise and [all in anti-rabics antibody
prior to day 30. If this occurred, the iin-
munoelogic response may have been sul-
optimal and it is conjectural whether these
animals were adeqguately protected in the
event ol subsequent exposure to rabies vi-
rus. It should be noted that tfour of the six
gave: other indications of seroconverting;
one that did not have titers on days 30, 90,

+ 180, was sceropositive on (ld\s 270 and
.365, and three of four used in the oral ra-
bhies pr()t()col after this stu(l_\‘ (‘()119111(1(‘.(1,
showed an anammnestic response, suggest-
ing memory immune cells to rabics anti-
gen were present. At 365 davs post-vacei-
nation, 20 of 20 (100%) coyotes receiving
Imrab 3% intramuscularly, 16 of 19 (84%)
coyvotes receiving Iraraly 3% subcidancous-
Iy, and eight of 19 (429%) covotes receiving
Dura-Rab 3® ll'lil"cllﬂll"s(lllrlil\' WOre SCro-
positive for anti-rabies dnhbud} (Table 1),

Overall, ANOVA revealed a signilicant
difference in mean titers wong the three
treatments (¥ = 11.64, Jf 55, P <
0.001). Post hoc use of Fishers LLSD test

suggests titers associated with intraomos-
g

enlay injections of Tirab 3% were consis-

tenthy higher than Durab-3% injected sim-
11.-11]_\. lmtmll\ differences among the

treatiments were substantive, bud tlu‘}'
waned with advancing time (Table 1),
decrease in circulating antibody can be ex-
pected as the protective function of the
iinmune svstem shifts from production of
(n'(ulltm(r antibody to reliance on wem-
orv imnne cells to combat exposures to
rabies antigen. Superficialy, covotes
ceiving Inmiraby 3% appeared to maintain
higher and more p('rsist(.‘ut titers tlll‘()llf_:ll-
out the study (Table 1), This likely reflects
presence of wi adjuvant in Linr ab 3%, (13-
zard. 1996) but might also relate to other
aspects of vaccine composition,

Althougl differences were not statisti-
cully 51;_,1115(6111‘[ (P = 0.03), covotes vacci-
nated with Linrab 3% mtmmm(uhﬂ\ ap-
peured to have high(.l titers u)mpdu.([ to
those vaceinated subcutaneously (Table 1),
Similwrlv. while males seemed to have (1)
a greater pereent of subjects with rabies
antibody titers: (2) higher average titers;
and (3) the hl(rh( st indivicual titers ( (Table
1) compared to females. differences were
not significant (P = 0.03).

Maintenance of high,
may provide a measure of protective as-
surance, but does not necessarily identity

vaceines as superior products Decause pro-
tection against disease also includes the
ability to produce memory immnnme cells
{Artois ot al., 1993}, These could result in
anammestic responses, as ovidenced here
hy 4 animals that showed titers <<1:5 (con-
sidered negative) during once sampling but
had substantial titers during a subsequent
ssmpling, and at Teast cight aninals that
more than doubled antibody levels be-
tween post-vaceination: samples, Inaddi-
tion, three animals {for whiel we never de-
tected a titer showed an anannestic 1e-
sponse following exposure to an oral rabies
vaceine after this study was over. Although
some animals tay be pr()tected at low or
non-detectable titer levels, Bunn et al.
(F484) showed a correlation between high-

T

persistent titers
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er antibody titers and higher survival rates
of dogs dwring live virus challenge. The
level of antibody necessary to confer pro-
tection in the covote is not known and can
onlv be determined  throngh controlled
challenge studies utilizing a virulent rubies
Virus.

Efforts to compare titers in covotes and
dogs receiving the sume vaccine ure sub-
jective because titer information collected
by manulacturers is proprietars and not
reacilv available, Tn addition, there ure sig-
nificant differences in species susceptibit-
ity to various strains of rabies virus, with
titers that are protective in one specics
someiimes Luhn; to protect another. Data
on dogs provided by manufacturers sug-
gosts the titers daiong covotes immuized
with Dura-BRab 3% were lower and less
persistent than among dogs vaccinated
with the swme pmdnct. Howoever, titers ap-
peared similar between covotes and dogs
vaccinated with Trarab 3%,

COne goul of vaccination is to protect an-
imals from discase by producing antibod-
ics that effectively hind and neutralize a
pathogen. The use of RFFLT in this study
essentiallv demonstrates this function,
REFIT titers ure detennined by incubat-
ing sera dilutions with live rabics virus
with the antibody binding and neutralizing
the virus pmﬂdlng L qu(mtltdt}\e A8SY of
the sample. The resalting titers demon-
strate the antibody produced was function-
al in vitro.

Our
can produce rabies specific antibody in re-
sponse to vaccination with two commercial
rahies vaccines licensed for nse in domes-
tic dogs. Furthermore, the antibodies pro-
duced were capable of binding and neu-
tralizing Tive rabies virus in vitro. While it

stnd_\_-’ demonstrated  that covotes

is reasonable to infer a measure of protec-
tion was conferred to covotes receiving
these vaccines, confirmation of such pro-
tection can only be obtained through live
rabics challenge tests. Research on other

species suggests that high, persistent titers
are usuall\ protective for most individuals.

We are gratetul to the staff and students
associuted with the Togan Field Station of
the National Wildlife Research Center
(NWRC) for their assistanee in handling
animals and taking Blood samples. This
study was conducted nnder the anidance
of the NWRC animal care and use com-
mittee under protocol QA-345. The Vel-
erinary Diagnostic Lell)()]‘llt()l'}' at the Kan-
sas State University supported the anti-
body assav uspects of the studv. Rhwone-
Mercienx. Ine. (now Merial. Limite L) and
Immunovet, Ine. graciouslv donated the
vaccines for this studve Identification and
use of trade names and products does not
imply endorsement by the federal govern-
ment.
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